Pozzolanicity is a very interesting issue regarding building materials, as a way to enhance mortars and concrete durability. This property results from the reaction between calcium hydroxide and silica and alumina based materials. Different types of natural and artificial pozzolans show pozzolanic activities that differ depending on the materials characteristics. Therefore, the study of this property, namely its reactivity with calcium hydroxide, reveals itself to be important in the selection of the type and content of these materials. This paper presents the results of several pozzolanic reactivity methods, applied to different pozzolanic materials. The selected pozzolanic methods include Chapelle method, Fratinni method and Strength Activity Index. Those tests have been applied to evaluate the reactivity of various kinds of artificial pozzolans. The correlation between the test methods are presented and discussed.
Introduction
Pozzolans are materials known to be rich in amorphous silica and alumina, being of natural or artificial origin, used in the optimization of mortar and concrete durability. They contribute to more sustainable construction products partially substituting mineral binders, in terms of durability, applicability and energetic consumption [1] [2] [3] . The use of pozzolanic materials in lime mortars and concretes is well documented and has been studied intensively. However, some questions are still open, namely in order to know its reactivity, e.g., why a certain pozzolan reacts faster than others, what type of materials can be used as pozzolans, what amounts of pozzolan needed to achieve optimization. In order to measure the reactivity of pozzolans used in mortars and concretes, several methods have been studied and are in use currently, measuring and studying different aspects of the lime/pozzolan and cement/pozzolan reaction, such as compression strength, reaction kinetics and lime consumption [2] [4] . This paper presents the results of three pozzolanic reactivity test methods, including Chapelle test, Fratinni test and Strenght Activity Index (SAI) methods, that were applied to metakaolin and other thermally treated clay, ashes and glass. The results obtained are discussed.
Experimental

Materials and characterization.
Eight different materials of siliceous and aluminosilicates composition where used. Three metakaolins (MK1, MK2 and MK3), expanded clay (EC), four ashes (rice husk -RHA; biomass ashes -BFA; eucalyptus bark ashes -EBA and coal fly ashes -FA) and glass waste powder (G). Table 1 presents the chemical compositions, obtained by X-Ray fluorescence analysis, and the specific surface area, by Blaine method. 
Pozzolanic reactivity tests
Strength Activity Index (SAI) The procedure followed the EN 196-1 [5] . Control mortar were prepared by mixing 1350g of normalized sand, 450g of CEM-I 42,5 R and 225g of water. The blended mortars were prepared with 25% of the cement mass replaced by pozzolan, according to EN 450-1 [6] . The mortars prisms of 40x40x160 mm were cast maintaining the same flow properties as the control mortar (± 10 mm). The specimens were demoulded after 24h and put in a water bath at 20ºC until 28 days of cast. Afterwards were tested for compressive strength being the results expressed according to equation 1: SAI = A/B x 100.
(eq. 1) A is the unconfined compressive strength of the pozzolan mortar (MPa) and B is the unconfined compressive strength of the control mortar (MPa).
Chapelle Test
The test followed NF P 18-513 [7] , that measures the reduction of Ca(OH) 2 by combination with siliceous or aluminosilicates materials present in pozzolans. In our case, a mixture of 3g of CaO and 1g of pozzolan (instead of 2g of CaO referred in NF P 18-513) was placed in a plastic Erlenmeyer with 250 ml of distilled and decarbonized water, and set in a bath at 90º C during 16 h. A control mixture is made under the same condition but only with CaO. A mixture of 60g of sugar with the same described volume of water was added in order to dissolve the free Ca(OH) 2 . The solution was then filtered and titrated with 0,1M HCl, being the amount of calcium consumed determined by equation 2:
mg CaO = 2 x ((v 2 -v 1 )/v 2 ) x 74/56 x 1000. (eq. 2) v 2 is the titration volume of the control mixture (CaO) and v 1 is the titration volume of the pozzolanic mixture (CaO + pozzolan).
Fratinni Test
The test is done according to EN 196-5 [8] . Samples were prepared with 25% of pozzolan and 75% CEM-I. This reaction was set in a plastic Erlenmeyer using 100 ml of distilled and decarbonated water, and put in an oven at 40º C. After 8 days, the samples were filtered and the solution titrated. The titration was done in two steps, initially with 0,1M HCl using methyl orange as indicator to determine the OH -concentration. Secondly, the solution pH is adjusted to 12,5 and then titrated with a 0,03 M EDTA solution to determine the CaO concentration. (mmol/L) in X axis. The obtained values are compared with the lime solubility curve in an alkaline medium. The pozzolan is considered as reactive only if its value is plotted below the lime solubility curve. However, in the opposite case the method recommends a new titration using a sample cured at longer time (15 days).
Results and discussion
Figures 1 to 3 presents the results obtained for the pozzolans tested according to the SAI, Fratinni and Chapelle test respectively. The values of the SAI test correspond to the average of three prismatic specimens. (Fig. 2a) only MK1, MK2, FA and RHA present pozzolanic reactivity. The G, EBA, EC and BFA require more curing time to show pozzolanic reactivity (Fig. 2b) . The Fratinni test shows several advantages comparatively to SAI test, namely the discrimination regarding the kinetics reactivity of the pozzolans and the time test duration. Figure 3 shows the results obtained according to the Chapelle test. In respect to the NF P 18-513 [7] , the amount of CaO consumed must be higher than 660 mg/1 g of pozzolan in order to be considered a pozzolanic material. The results obtained (Fig. 3) shows that only MK1 is considered pozzolanic. This conclusion relatively to MK1 is in agreement with the results obtained according to the SAI and Fratinni tests. Although, the Chapelle test was the fastest test used, the behavior of MK1 in the different pozzolanic tests could imply that this test is highly selective when considering the classification of pozzolanic reactivity. 
Conclusions
The following conclusion can be withdrawn from this study:
-The Chapelle and the Fratinni tests focus is on the CaO consumption, while the SAI test focuses on the mechanical strength gain. -The order of reactivity of the tested materials by SAI test is:
MK1>FA>MK2>EC>MK3>BFA>G>EBA. This sequence order is very similar to the one obtained by the Chapelle test. Therefore, the Chapelle test is preferable to the SAI due to its lower time and material consumption. -The Fratinni test is very useful in the discrimination of the kinetics rate of the pozzolans.
However, this test does not distinguish which pozzolan is the best, regarding materials with the same reactivity according to this test. -The correlation obtained between the pozzolanic reactivity tests performed shows that
Fratinni results should only be applied up to 8 days. In the same way, the Chapelle and SAI tests presents a good correlation between the results within the same families group (e.g. clays and ashes). -The pozzolanic reactivity tests determine the greater or lesser activity of a particular material.
This can be used for the evaluation of the pozzolan potential in the improvement of the mortars and concrete durability.
-The tests are limited to the composition precognized in the standard test methods, so the results obtained refer to a specific mixture. This does not mean that a material is or is not pozzolanic; it means that the result is according to that mixture made. This motivates the need to invest and continue this type of studies in different conditions than those initially tested.
